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Abstract 

Using BRST-BV formulation of relativistic dynamics, arbitrary spin massless and massive field 
propagating in flat space and arbitrary spin massless fields propagating in AdS space are consid¬ 
ered. For such fields, BRST-BV Lagrangians invariant under gauge transformations are obtained. 
The Lagrangians and gauge transformations are built in terms of traceless gauge fields and traceless 
gauge transformation parameters. The use of the Poincare parametrization of AdS space allows us 
to get simple BRST-BV Lagrangian for AdS fields. By imposing the Siegel gauge condition, we 
get gauge-fixed Lagrangian which leads to decoupled equations of motion for AdS fields. Such 
equations of motion considerably simplify the study of AdS/CFT correspondence. In the basis of 
conformal algebra, realization of relativistic symmetries on space of fields and antifields entering 
the BRST-BV formulation of AdS fields is obtained. 
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1 Introduction 


BRST approach [[T]| arisen as method that simplified analysis of the Slavnov-Taylor identities |l2l 
in gauge field theories. At the present time, the BRST approach is the main method for studying 
ultraviolet divergencies and for building the relativistie invariant and finite S-matrix in gauge field 
theories. Moreover, the various extended versions of the BRST approach, which involve the anti¬ 
fields, turn out to be not only powerful approaches for studying quantum properties of quantized 
gauge field theories but also effieient approaches for building elassical gauge field theories |l3l. In 
this paper, it is the extended versions of the BRST approach that will be refereed to as BRST-BV 
formulation of relativistie dynamics. 

On the one hand, theory of massless higher-spin fields in AdS space [|4l| is interesting candidate 
for the role of the theory of all fundamental interactions. On the other hand, the duality eonjeeture 
by Maldacena triggered interest not only in studying the string/gauge theory dualities but also led 
to new interesting applications of the massless higher-spin field theory to the study of conformal 
field theory. Interrelation between field theories in AdS space and eonformal field theories on the 
boundary of AdS space is governed by so ealled effective action. The effective action can be de¬ 
fined through a continual integral over AdS fields with some special boundary conditions imposed 
on boundary values of AdS fields. The boundary values of AdS fields are identified with shadow 
fields, while the variational derivatives of the effective action with respect to the shadow fields 
are considered as correlation funetions of the boundary eonformal field theory, whieh, according 
to the duality conjecture, is dual to bulk theory of AdS fields. This is to say that the problem of 
eomputation of the effective action is important for the study of AdS/CFT correspondence. 

In view of importanee for the study of AdS/CFT correspondenee, the effective action has ac¬ 
tively been investigated in the literature. In quadratic approximation, the tree-level effective action 
for massless spin-1, spin-2, and arbitrary spin massless AdS fields was computed in the respective 
Refs.[|5l O |7l|, while the tree-level effeetive action for massive spin-1, spin-2 and arbitrary spin 
AdS fields was evaluated in the respective Refs. [[8l|9l[l0l| (see also Ref. lfTTl l. Discussion of the 
group-theoretical issues related to the problem of computation of the effective action may be found 
in Refs. [fT^ - [fT4ll . Computation of n-point tree-level eorrelation functions for the massless higher- 
spin field theory was diseussed in Refs. lTTSll (see also interesting reeent Refs. lfT^ l. Diseussion of 
various aspeets of one-loop quantum effective action may be found, e.g., in Refs. lfTTIl . 

In Ref. llT^ . we begun the study of the effeetive action by using the BRST approaeh. Namely, 
using the metric like formulation of arbitrary spin AdS fields and modified de Bonder gauge eon- 
dition found in Refs. lfT^ l20l . and applying the standard Faddeev-Popov procedure, we obtained 
simple action for free arbitrary spin AdS fields whieh is invariant under global BRST transforma¬ 
tions and applied such action to the study of AdS/CFT correspondence. In the present paper, we 
obtain simple BRST-BV action for massless arbitrary spin AdS fields which is invariant under loeal 
gauge transformation and adapted to the study of AdS/CFT eorrespondence. Also we demonstrate 
that the action found in Ref. lflSl can be obtained from the BRST-BV action in this paper by using 
the Siegel gauge eondition. 

Our BRST-BV formulations of fields in and AdSd+i have many eommon features. 

Therefore, just to illustrate our approach, in Secj^ we diseuss BRST-BV formulation of totally 
symmetric arbitrary spin massless and massive fields propagating in flat space In See.3, 

using the Poineare parametrization of AdS space, we obtain BRST-BV Lagrangian for totally 
symmetrie arbitrary spin massless fields in AdSd+i- Such Lagrangian, when using the Siegel 
gauge eondition, leads to deeoupled equations of motion which considerably simplify the study 
of AdS/CF correspondenee. Also we discuss realization of relativistic symmetries of the so{d, 2) 
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algebra on space of gauge fields and antifields entering BRST-BV approach. 


2 Massless and massive fields in ^ ^ 

In this Section, just to illustrate our BRST-BV formulation, we consider totally symmetric arbitrary 
spin massless and massive fields propagating in flat space 

Massless fields. To describe field content entering the BRST-BV formulation we introduce Grass- 
mann coordinate 9, Grassmann even oscillators and Grassmann odd oscillators r], p. The 
oscillators transform as vector of the Lorentz algebra so{d — 1,1), while 9 and the oscillators p, 
p transform as scalars of the Lorentz algebra. Using 9 and the oscillators, we introduce a ket-vector 

1$) = $(x, 0,0,7], p)|0), (2.1) 

where x stands for coordinates of space-time Note that, by definition, field (12.11) 

is Grassmann even. Usual fields depending on the space-time coordinates are obtained by 
expanding <I) (12.11) into the Grassmann coordinate 9 and the oscillators p, p. For the description 
of massless spin-s field, we impose the following algebraic constraints on ket-vector |$) (12.11) . 

(iV„ + iV, + iV,-s)|<h) = 0, (2.2) 

d2|<I))=0. (2.3) 

Definition of the operators N^, N^, Np, 6? may be found in Appendix (see relations (IA.4L (IA.5I) 1. 
Constraint (12.21) tells us that the ket-vector |<1)) is degree-s homogeneous polynomial in the oscilla¬ 
tors p, p, while constraint (12.31) implies that fields obtained by expanding the ket-vector $ (12.11) 
into the oscillators are traceless tensor fields of the Lorentz algebra so{d — 1,1). 

To illustrate tensor fields entering ket-vector |<I)) (12.11) . we note that the expansion of the ket- 
vector I $) into the Grassmann coordinate 9 and the Grassmann odd oscillators p, p can be presented 
as 


10) +0|0*) , 

(2.4) 

10) = 10.) + p\c) + 9\c) + pp\(t)ii ), 

(2.5) 

10*) = 10.*) + p|c*) -f- ?7|c*) -f P?7|0I7*) . 

(2.6) 


Ket-vectors appearing on right hand side in (12.51) . (12.61) depend on the vector oscillators a“. Let 
us consider the ket-vectors appearing in (12.51) . Taking into account (12.21) . we find that ket-vectors 


(12.51) depend on the oscillators as 

= (2.7) 

|c) = ^ (x) |0), (2.8) 

(S — ij! 

|c) = , ^ (x) 10), (2.9) 

(s- 1)! 

10 ..) = • •• -““"( 3 ^) 10 ). ( 2 . 10 ) 
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From relations (I2.7I) - (I2.10I) . we find the field eontent whieh enters the ket-veetors in (12.51) . Namely, 
we see that there is onerank-s tensor field denoted by two rank-(s—1) tensor fields denoted 

rank-(s — 2) tensor field denoted by All just mentioned 

tensor fields are totally symmetrie. Constraint (12.31) implies that all fields are the traeeless tensors 
of the so{d —1,1) algebra. Note also that representation of the ket-veetors of antifields (12.61) in 
terms of the respeetive tensor antifields takes the same form as in (I2.7I) - (I2.10I) . To summarize, our 
ket-vector |<l>) describes fields and antifields which are totally symmetric traceless tensors of the 
Lorentz algebra so{d — 1,1). 

BRST-BV Lagrangian. In the framework of BRST-BV approach, the general representation for 
gauge-invariant action of fields and antifields in takes the form Q 

S = jd'^xC, C=^ j de{^\Q\^). (2.11) 

BRST operator Q entering Lagrangian (12.111) can be presented as 

Q = e{n-M^) + M^'^d‘^ + M^ + M^^de, ( 2 . 12 ) 

where □ = stands for the D’Alembert operator in while de stands for left derivative 

of the Grassmann coordinate, dg = d/d6. From (12.121) . we see that the BRST operator is entirely 
defined by the operators M^, These operators depend on the oscillators and 

do not depend on the Grassmann coordinate 6, the coordinates of space-time and the 

derivatives dg, 0“. The operator is square of the mass operator. The operators M^, 
will be referred to as spin operators in this paper. The equation = 0 leads to the following 
(anti)commutation relations for the spin operators and the operator M^, 

, (2.13) 

{M\ M^} = , (2.14) 

= = (2.15) 

M^} = 0 , = 0 , [M^, = 0 . (2.16) 

Gauge symmetries of the action (12.1 II) are given by 

5|<h)=Q|S), (2.17) 

where the gauge transformation parameter ket-vector |S) depends on the Grassmann coordinate 6 
and the oscillators rj, p. By definition, the ket-vector |S) satisfies the algebraic constraints, 

|S) = S(x,6',a,?7,p)|0), (2.18) 

(iV„ + iV, + iV,-s)|S) = 0, (2.19) 

0^1“) = 0, (2.20) 

where S (12.181) is Grassmann odd. Comparing (12.21) . (12.31) and (12.191) . (12.201) . we see that the 
ket-veetors |S) and |$) satisfy the same algebraic constraints. Therefore, taking into account our 
analysis of the algebraic constraints for the ket-vector |$), we conclude that the ket-vector |S) 
is built in terms of gauge transformation parameters which are totally symmetric traceless tensor 
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fields of the Lorentz algebra so{d — 1,1). Also we note that the representation of the ket-veetor 
|S) in terms of the tensor fields is obtained simply by replaeing gauge fields in (I2.7I) - (I2.10I) by the 
tensor fields of the gauge transformation parameters. 

To summarize, the proeedure for building the gauge-invariant aetion and the eorresponding 
gauge transformations amounts to the problem for building the BRST operator. In turn, the pro¬ 
eedure for building the BRST operator amounts to the problem for the building a realization for 
the spin operators whieh satisfy the (anti)commutation relations given in (I2.13I) - (I2.16I) . In our ap- 
proaeh, a massless field is deseribed by ket-veetor (12.11) whieh satisfies the algebraie eonstraints 
(12.21) . (12.31) . This implies that on spaee of ket-veetor (12.11) we should realize the (anti)eommutation 
relations given in (I2.13I) - (I2.16I) . We find the following realization for the spin operators and the 
operator 


M^^ = r]gpcx^ + A^g^f], ( 2 . 21 ) 

= gg , ( 2 . 22 ) 

M’' = 0 , (2.23) 

= 0 , (2.24) 


where we use the notation 


= «“ - a" 


2Na + d 


a 


(2.25) 


_^2s + ci-4-2A^py/2 

^ V 2s + d - 4 ) 


drj — 


2s + d — A 


2s + d — A 


2iv,,y/2 


(2.26) 


Let us make the following comment. Constraint (12.21) is well known in the literature. In the 
earlier literature, in place of constraint (12.31) . the following constraint was used (see, e.g.,Refs. 

m) 

{6? + 2gp)\^) = Q. (2.27) 

When using (12.271) . relations (I2.22I) - (I2.24I) do not change, while the operator takes the form 
= ga^ — a‘^g. In this paper, we suggest to use the algebraic constraint (12.31) because this 
constraint turns of to be convenient for developing the BRST-BV formulation of AdS field which 
is adapted to AdS/CFT correspondence. Study unconstrained BRST formulations may be found 
in Refs. [l22ll . Ignoring the traceless constraints for the ket-veetor (12.11) leads to BRST formulations 
for reducible higher-spin fields, which, in the literature, are sometimes referred to as triplets (see, 
e.g.. Refs. [1231). 

Massive fields. To develop the BRST-BV formulation of massive spin-s field we introduce Grass- 
mann coordinate 6, Grassmann even oscillators C, and Grassmann odd oscillators g, p. The 
oscillators transform as vector of the Lorentz algebra so{d — 1,1), while 6 and the oscillators 
C, g, p transform as scalars of the Lorentz algebra. Using 9 and the oscillators we introduce a 
ket-veetor 

1$) = $(x,0,a,C,r?,p)|O), (2.28) 


which, by definition, satisfies the following algebraic constraints 


{No, + N^ + N^ + Np-sm = Q, 
= 0 . 
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(2.29) 

(2.30) 





























Also, by definition, the field <h (12.281) is Grassmann even. Note that algebraie eonstraint (12.301) 
takes the same form as the one for massless field in (12.31) . 

To illustrate tensor fields entering ket-veetor |$) (12.281) . we note that the expansion of the ket- 
veetor |<h) into the Grassmann eoordinate 6 and the Grassmann odd oseillators rj, p takes the same 
form as in (I2.4I) - (I2.6I) . Note however that, for massive fields, the ket-veetors appearing on the right 
hand side in (12.51) . (12.61) depend not only on the vector oscillators but also on the scalar oscillator 
(■. For example, consider the ket-veetors appearing in (12.51) . Taking into account (12.291) . we find 
that ket-veetors (12.51) depend on the oscillators C as 


^ AS —s' 


ic) = E 


C' 




* ^ /-s—l—s' 

1^) = E ^ 


Wi) , 




|50 , 


s-2 ^s-2-s' 


= (2.31) 

s ! 

|c^') = ■■■“»'(a:)10), (2.32) 

s'! 

|c"') = ■■■“»'(x)10), (2.33) 

\€'j) = . (2.34) 

s ! 


For massive field, ket-veetors appearing on the right hand side in (12.61) can be represented in terms 
of tensor antifields in the same way as in (12.31I) - (I2.341) . 

To build BRST operator (12.121) we should find the spin operators which satisfy the (anti)com- 
mutation relations (I2.13I) - (I2.16I) . In our approach, the massive field is described by ket-veetor 
(12.281) which satisfies the algebraic constraints (12.291) . (12.301) . Thus, we should find a realization 
of the spin operators on space of ket-veetor (12.281) . We find the following realization for the spin 
operators and the operator 




(2.35) 


M’?" = r]f], 

= vipcC + CUv, 
, 


where m in (12.381) stands for mass parameter and we use the following notation 

1 




2No, + d 




_ /2s + d-4-2A'^-2A'^\i/2 
^ V 2s + d-4:-2N^ ) ’ 

/2s + d - 4 - 2A7^ - 2A7^\ 1/2 
^ ~ V 2s + d - 4 - 2iV^ ) ’ 

_ /2s + d-4-2iVc-2iV,x-i/2 

I 2s + d-i-2Nc ) ’ 


(2.36) 

(2.37) 

(2.38) 

(2.39) 

(2.40) 

(2.41) 

(2.42) 
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= me^ 


1/2 


(2.43) 


/2s + d-A-2N^-2N,^\ 
V 2s + d-A-2N^ ) 

/ 2s + d — 4 — \ 1/2 

^ \2s + d- A-2 nJ 


(2.44) 


Gauge symmetries of aetion (12.111) take the same form as in (12.171) . where, in plaee of ket-veetor 
1$), we should use the ket-veetor |<1)) given in (12.281) . while, in plaee of gauge transformation 
parameter ket-veetor |S), we should use a ket-veetor |S) which is appropriate to massive field. 
Namely, in the case under consideration, the ket-veetor |S) depends on the Grassmann coordinate 
6 and the oscillators rj, p. Also, the ket-veetor |S) should satisfy the constraints which take 
the same form as the ones for the ket-veetor |$) in (12.291) . (12.301) . 


S) = S(a:,0,a,C,r/,p)|O) , 

(A^q, -f N(^ -f- -\- Np — s)|‘^) = 0 , 6t^\^) = 0 . 


(2.45) 

(2.46) 


3 Massless fields in AdSd+i 

In this Section, we develop BRST-BV formulation of totally symmetric spin-s massless field in 
AdSd+i adapted to AdS/CFT correspondence. To this end we use the Poincare parametrization of 

AdSd+i, 

ds^ = —{dx°‘dx°‘ + dzdz ), a = 0,1,..., d — 1. (3.1) 

z^ 

From (13.11) . we see that, when using the Poincare parametrization of AdSd+i, only symmetries of 
the so{d — 1,1) algebra are manifest. 

Field content. To describe field content entering the BRST-BV formulation we introduce Grass¬ 
mann coordinate 9, Grassmann even oscillators a^, and Grassmann odd oscillators p, p. The 
oscillators transform as vector of the so{d —1,1) algebra, while 9 and the oscillators a^, p, 
p transform as scalars of the so{d — 1,1) algebra. Using 9 and the oscillators, we introduce a 
ket-veetor 

\^) = ^{x,z,9,a,a\p,p)\9i), (3.2) 

where x, z stand for the Poincare coordinates x°', z of AdSd+i space (13.11) . By definition, field <l> 
(13.21) is Grassmann even. Usual tensor fields depending on the space-time coordinates a;“, ^ appear 
by expanding ket-veetor |<I)) (13.21) into the Grassmann coordinate 9 and the oscillators a^, p, 
p. To discuss the spin-s massless field we impose the following algebraic constraints on ket-veetor 

1$) (Q, 


(iV„ + +Np + Np-sm = 0, (3.3) 

d^|$) = 0. (3.4) 

Definition of the operators N^, N^, N^, Np, may be found in Appendix (see (IA.4I) . (lA.SI) !. 
Constraint (13.31) implies that ket-veetor |<I)) (13.21) is degree-s homogeneous polynomial in the os¬ 
cillators , p, p, while constraint (13.41) tells us that fields which are obtained by expanding the 
ket-veetor |4>) (13.21) into the oscillators a“, are traceless tensor fields of the so{d — 1,1) algebra. 

We now illustrate tensor fields entering ket-veetor 1$) (13.21) . First, we note that the expansion 
of the ket-veetor 1$) into the Grassmann coordinate 9 and the Grassmann odd oscillators p, p takes 
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the same form as in (I2.4I) - (I2.6I) . Second, the algebraic constraint (13.31) for massless field in AdSd+i 
is obtained from the one for massive field (12.291) . by making the substitution of the scalar 

oscillators ( a^. This implies that, for massless AdS field, ket-vectors (12.51) are obtained by 

making the substitution C —)■ in relations (12.31I) - (I2.341) . 


\4>i) 

|c) = 

|c) = 


E 




7^ v/(s-s')! 

s—1—s' 


a: 


s-l 

s—1—s' 


I0f), 


s'=0 
s-l 

E 

s'=0 

s-2 


a: 


7^0 ^/{s-l-s')\ 


s?ov/(^-2-^')! 


10?;), 


|0f) = (3.5) 

|c"') = i-a“i...a“*'c“i-“-'(a:,;2)|0), (3.6) 

s'! 

|c"') = ^a“E..a“='c'^i-““'(a;,z)|0), (3.7) 

10 ?)) = 4 ?““'• • • ( 3 . 8 ) 

s'! 


For massless field in AdSd+i, ket-vectors of antifields (12.61) involved in the BRST-BV formu¬ 
lation can be represented in terms of tensor antifields in the same way as in (I3.5I) - (I3.8I) . 

BRST-BV Lagrangian. In the framework of BRST-BV approach, the general representation for 
the gauge invariant action we find takes the form 




d'^xdz C , 


C = 


1 

2 


/ 


d0($|Q|$). 


BRST operator Q in (13.91) admits the following representation 


(3.9) 


Q = 9{n - M^) + , (3.10) 

where □ = c)“c)“ stands for the D’Alembert operator in while dg stands for left derivative 

of the Grassmann coordinate, dg = d/d6. From (13.101) . we see that the BRST operator is defined 
entirely in terms of the operators M^, M'', All these operators depend on the oscil¬ 
lators. The operators do not depend on the Grassmann coordinate 9, the coordinate of 

AdS space, a:“, 2 :, and the derivatives dg, 0“, d^. The operators M^, M'' also do not depend on 
the Grassmann coordinate 9, the boundary coordinates x^, and the derivatives dg, d°‘. However the 
operators M^, depend on the radial coordinate z and the radial derivative dz- Equation (5^ = 0 
leads to (anti)commutation relations given in (I2.13I) - (I2.16I) . 

Comparing (12.111) . (12.121) and (13.91) . (13.101) . we note that the general structure of the BRST-BV 
action we suggest in this paper for the description of fields in AdSd+i is similar to the one for fields 
in flat space suggested in Refs.[[3l. We note that, it is the use of the Poincare parametrization 
of AdS space (13.11) that allows us to cast the BRST-BV action into the form presented in (13.91) . 
(ITTOI) . 

To build BRST operator Q (13.101) we should find the spin operators which satisfy the (anti)com- 
mutation relations in (I2.13I) - (I2.16I) . In our approach, the massless field is described by ket-vector 
(13.21) which satisfies the algebraic constraints (13.31) . (13.41) . This is to say that we should build a 
realization of the spin operators on space of ket-vector (13.21) . We find the following realization for 
the spin operators and the operator M^ 
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(3.11) 

= rjf ], 

(3.12) 

= plpza"" + a%zf] , 

(3.13) 

Kf- = -SI + 4(1,^ - i), 

4 

(3.14) 

where the operators A“, ppz, gpz, Ipz, Ipz, ^ are defined by the relations 


A“ = a“ 0? ,d“, 

227o + d 

(3.15) 

_ /2s + d - A - 2Nz - 2NpY/2 
\ 2s + d-A-2Nz ) ’ 

(3.16) 

f2s + d-A-2Nz-2Npy/^ 

V 2s + d-A-2Nz ) ’ 

(3.17) 

, ^ ^2s + d-A-2Nz-2Np^-y^ 

ipz-l.^+^ez^ 2s + d-4-2iV, J ’ 

(3.18) 

^ ^ ^2s + d-4-2iV,-2iV,^-i/2 

^rjz- lu-iey 2s + d-A-2Nz J ’ 

(3.19) 


^-4 

= s-\ - - - , 

_/ 2s + d-A- 

^ \2s + d-4-2Nj ’ 

71 = dz -\— . 


(3.20) 

(3.21) 

(3.22) 


For massless AdS field, gauge symmetries of the aetion (13.91) take the same form as in (12.171) 
where, in plaee of ket-veetor |$), we should use the ket-veetor |<h) given in (13.21) . while, in plaee of 
gauge transformation parameter ket-veetor | S), we should use a ket-veetor | S) whieh is appropriate 
to massless AdS field. Namely, in the ease under consideration, the ket-veetor |S) depends on the 
Grassmann coordinate 9 and the oscillators a^, rj, p. Also, the ket-veetor |S) should satisfy the 
constraints which take the same form as ones for the ket-veetor |$) in (13.31) . (13.41) . 


S) = S(a;,z,0,a,a^r7,p)|O), 

(7V„ + 7V, + Ar^ + 7V,-5)|S) = 0 =0. 


(3.23) 

(3.24) 


We make the following two comments. 

i) From relations (13.141) . (13.201) . we see that the operator is diagonal on space of the ket-veetor 
1$). It is this property of the operator that seems to be most attractive feature of our approach. 
This is to say that it is the diagonal representation for the operator that allows us in an easy 
way to solve the equations of motion for AdS field, compute the effective action and hence to study 
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AdS/CFT correspondence. For example, using the Siegel gauge |0*) =0 and integrating over the 
Grassmann coordinate 6, we verify that Lagrangian (13.91) takes the form 

= - l{^„|(n - Af=)IA.) + (EKn - . (3.25) 

For the first time, Lagrangian (13.251) was obtained in Ref. lfT^ by using the standard Faddeev- 
Popov procedure. Obviously, Lagrangian (13.251) leads to decoupled equations of motion and this 
considerably simplifies the study of AdS/CFT correspondence (see Ref. lfTSll l. Note that, when 
passing from C (13.91) to C (13.251) . we made the substitution |c) -> — |c). 

ii) In Ref. Ell, using light-cone gauge, we demonstrated that arbitrary spin massless field in 
AdSd+i can be presented as direct sum of massive fields with continuous mass spectrum. 

The BRST-BV formulation we developed in this paper allows us to demonstrate this fact for gauge 
massless field in AdSd+i and massive fields in in a straightforward way. To this end we use 

the new notation ^)) for tho ket-vector of massless AdS field |<I)) (13.21) . The ket-vector 

of massive field |<I)) (12.281) . after the substitution ( —)■ a^, will be denoted as |$^d-i.i {x, m)). We 
now suggest the following interrelation for the ket-vectors |<hAdSd+i ^)) (x, m)) by 

using the Bessel transformation with respect to the radial coordinate z. 


AdSi+A^, z)) = j dm ZA'rnz){-)^^\^Rd-i,i{x,m )), Z^z) = ^Ju{z). (3.26) 

0 

We prove relation (13.261) in the following way. We use the notation GAds^^^ for the operators given 
in (13.11I) - (I3.141) . After the substitution C, ^ in (I2.35I) - (I2.38I) . the operators given (I2.35I) - (I2.38I) 
will be denoted by Gj^d-i,i. Now, in order to prove interrelation (13.261) we should verify that the 
following relation 

GAdSrf+J'hAdSd+i(a:,^)) = j dmZAmz){-)^^Gj^d-i,i\^j^d-i,i{x,m)) (3.27) 

holds true. Operators given in (12.351) . (12.361) and (13.1 II) . (13.121) obviously satisfy the 

relation (13.271) . For operators M^, given in (12.371) . (12.381) and (13.131) . (13.141) . the relations (13.271) 
can easily be proved by using the following identities for the function Z^ defined in (13.261) 



Z,,a^ 





-‘u-l 


r 




y+l 5 

(3.28) 


where the operators z/, 71, are defined in (13.201) . (13.221) . Note that operator (13.141) can be 
represented as 


Realization of relativistic symmetries. Relativistic symmetries of fields in AdSd+i are described 
by the so(d, 2) algebra. In our approach, only symmetries of the so(d —1,1) algebra are manifest. 
Therefore we should build the realizations of symmetries of the so{d,2) algebra on space of gauge 
fields and antifields entering the ket-vector |$) (13.21) . As the symmetries of the so{d — 1,1) algebra 
are manifest in our approach, it is reasonable to represent the generators of the so{d, 2) algebra 
in the basis of the so{d —1,1) algebra. In such basic, sometimes to be referred to as conformal 
algebra basis, the so{d, 2) algebra is given by the translations P“, dilatation D, conformal boosts 
and generators of the so{d —1,1) algebra, We use the following commutation relations 
for the generators 
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(3.29) 


[D, P“] = -P“ , 

[P, P“] = , 

[p“, = ?7“^p - , 


[P“, 

[P“, /"] 

[J“^ J“] 


^abpc _ ^ac pb 
^abRC _ ^acRb ^ 
^bcjae ^ 3 


On space of fields and antifields entering the BRST-BV approaeh, we find the following general 
realization for generators of the so{d, 2) algebra 

pa ^d\ - x’^d^ + D = + A , 

=-^x2a“ + x“P + M“V + P“, (3.30) 

A = zd, + 2ede + , (3.31) 

P“ =+ (3.32) 

Operators (I3.30I) - (I3.32I) do not depend on the Grassmann eoordinate 6, the 

eoordinates of AdS spaee x“, 2 ;, and the derivatives de, 0“, 0^. These operators depend only on 
the oseillators. On spaee of ket-veetor |<h) (13.21) . we find the following realization for the operators 

M^P, MP^, 


, (3.33) 

Mza ^ ^z-a p ^a^z ^ (3 34 ^ 

MPP = N^-Np, (3.35) 

MP^ = pf^,a^ + A^fp,p, (3.36) 


where the operator is defined by relation (13.151) . In (I3.34I) - (I3.36I) . we use the following notation 


A — O Gr]pz P hzPpOl , 

A = a^ipzOi tt pphz 5 

'2s + d-4-2A^-2A«\i/2 


fpz = 


2s + d — A — 2A, 




- _ /2s + d-4-2A,-2A^\V2 
“ V 2s + d - 4 - 2A^ ) ’ 

/ (2s + d - 4 - 2A^) (2s + d - 4 - 2A^ - 2A^ - 2Np) \ ip 
^ V (2s + d - 4 - 2A^ - 2Nn){2s + d-A-2N^-2Np)) ’ 

hz = 2ez{{2s + d - A - 2N,){2s + d-6- 2A^))"^^^ , 


where the operator is defined in (13.211) . 


(3.37) 
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Symmetries of the osp{d — 1,1|2) superalgebra. From relations (13.131) . (13.141) . we see that the 
operators depend not only on the oseillators but also on the radial eoordinate 2 ; and the 

radial derivative d^. Therefore, on the one hand, eonsider the spin operators (13.1 II) . 

(13.121) . whieh depend only on the oseillators. On the other hand, from the expressions for the gen¬ 
erators of the relativistie symmetries (I3.30I) - (I3.32I) . we see the appearance of other spin operators 
M'^p, MP°-, M“^. Our observation is as follows. If to the set of spin operators M'pp, which 
enter the BRST operator, and the set of spin operators M^p, Mp°', which enter the generators 
of the relativistic symmetries, we add the spin operator Mpp, defined by the relation Mpp = pp, 
then we obtain the osp{d — 1,1|2) superalgebra. In other words, we deal with the following spin 
operators 

^ , MPP, MPP, MPP_ , MP^, MP’^, (3.38) 

so(d-l,l) gp^ 2 ) coset 

which satisfy the (anti)commutation relations of the osp{d — 1,1|2) superalgebra. 


^ ^bc^ae ^ 3 

(3.39) 

[MPP, MPP] = 2MPP , 


[MPP, MPP] = -2MPP , 


[MPP, MPP] = MPP , 

(3.40) 

[MPP, M^“] = , 

[MPP, MP^] = -MP^ , 

[MPP, MP^] = MP^ , 

[MPP, MP'^] = MP^ , 

(3.41) 

[MP\ , 

[MPa, j^hc^ ^ n^’^MP'^ - r]^^MP^ , 

(3.42) 


{MP\ MP^} = p^^MPP + , 

{MP\MP^} = -2p^^MPP, 

[MP^, MP^} = 2p‘^’’MPP . (3.43) 

For each generator X of the osp{d — 1,1|2) superalgebra, we introduce the notion of g-charge 
by using the relation [Mpp,X] = qX. Then using (anti)commutation relations (I3.39I) - (I3.43I) . we 
recall that the osp{d — 1,1|2) superalgebra admits the Kantor decomposition 

^ MPP,M'^\ ^ (3.44) 

g=-2 q=-l g^Q q=l q=2 

Fields involved into the BRST-BV formulation are classified according the representations of 
the osp{d — 1,1|2) superalgebra. This fact is well known for fields in and it is still true for 
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fields in AdSd+i- Also, it is well known that the BRST-BV formulation of fields in involves 

the spin operators whieh enter the BRST operator, and the spin operators whieh 

enter the generators of the Lorentz algebra so{d —1,1). The spin operators form 

sub-superalgebra of the osp{d — 1,1|2) superalgebra. From our study, we learn that, for the ease 
of AdSd+i, the BRST-BV formulation turns out to be more interesting. Namely, in this case the 
BRST-BV formulation involves the spin operators which enter the BRST operator, 

and the spin operators which enter the generators of the relativistic symmetries 

algebra so{d, 2). The set of the spin operators M'^p, M^“, do not form superalgebra. 

Note however, if to the just mentioned set of the spin operators we add the spin operator M^p = pp, 
which appears in anticommutator (13.431) . then we get the osp{d — 1,1|2) superalgebra. Note also 
that, in the generators of the so{d, 2 ) algebra, the spin operator appears together with the 
Grassmann coordinate 6 (see (13.321) 1. Therefore, anticommutator (13.431) does not contribute to the 
commutation relations of the so{d, 2 ) algebra. 

In conclusion, we note that we developed the BRST-BV formulation of totally symmetric ar¬ 
bitrary spin massless fields in AdS space. Our approach might have interesting applications in a 
study of various problems of higher-spin fields in AdS space. Namely, we note the problem of the 
BRST-BV formulation of mixed-symmetry fields [|^ . Other interesting problem is the BRST-BV 
formulation of interacting higher-spin fields |I^[27l[28l. Application of the BRST-BV approach 
to conformal fields in AdS space [[29ll also seems to be of some interest. 

Acknowledgments. This work was supported by the RFBR Grant No. 14-02-01171. 

Appendix A Notation and conventions 

Vector indices of the so{d — 1,1) algebra take values a, 6, c, e = 0, 1,..., d — 1. To simplify our 
expressions, we drop the flat metric 77 “^ = (—, -f,..., -f) in the scalar product: 

We use the Grassmann coordinate 6, 9"^ = 0. The left derivative for the 6 is denoted as 
dg = d/d9, while the integral over 9 is normalized as / d99 = 1. Creation operators a^, 
C, p, p and the corresponding annihilation operators d^, (, p, p are referred to as oscillators. 
(Anti)commutation relations, the vacuum |0) and the hermitian conjugation rules are defined by 
the relations 


[a“, a^] = p^\ 

[a^, a^] = 1, 

[C,C] = 1, 

{p,v} = 1 , 

{v,p} = 1, 

(A.l) 

d“|0) = 0, 

d^|0) =0, 

C|o) = o, 

rj|0) = 0, 

p|0) = 0, 

(A.2) 

Q;“f = oA , 

= d" , 

C^ = C, 

p^ = p, 

p^ = p- 

(A.3) 


The oscillators a“, and a^, cA, (, p, p, p, p transform as the respective vectors and scalars 
of the Lorentz algebra so{d — 1,1). Derivatives of the coordinates x^, z are denoted by 9“ = 
p°'^d/dx^, dz = dldz respectively. We use the following notation for the products of the oscillators 
and the derivatives 

□ = , (A.4) 

No, = = (( , = VP, Np = pp. (A.5) 

Hermitian conjugation rules for the coordinates and the derivatives are defined as (a:“, z, 0 )t = 
(x“, z, 9), (c?“, dz, dg)^ = (— —dz, dg). Hermitian conjugation rule for the product of two oper¬ 
ators A, B having arbitrary ghost numbers is defined as A^. 
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The ghost numbers of a°', a^, ( are equal to zero, the ghost numbers of 9, rj, p are equal 
to 1, and the ghost numbers of dg, p, p are equal to -1. The ghost numbers of ket-veetors in 
(I2.5I) . (I2.6I) are defined as eigenvalues of the external Faddeev-Popov operator denoted by 
The eigenvalues of are found from the relation (iV^p + Np’^)|<h) = 0, where the realization 
of the internal Faddeev-Popov ghost operator iV™p on space of ket-vector |$) (12.41) is given by the 
following relation N'^p = Odg + Nn — Np. Using this rule, we find the ghost numbers of ket-veetors 
appearing in (12.5L (I2.6L 

gh(|0,)) = O, gh(|c)) = l, gh(|c)) = -l, gh(|0„))=O, (A.6) 

gh(|0,*)) =-1, gh(|c*)) = -2, gh(|c*)) = 0, gh(|0„*)) =-1. (A.7) 

As the ghost numbers of the oscillators a“, a^, C, and the vacuum |0) are equal to zero, the ghost 
numbers of the ket-veetors (12.51) . (12.61) coincide with ghost numbers of tensor fields which are 
obtained by expanding the ket-veetors (12.51) . (12.61) into the oscillators a^, (. We note also, 
that ghost numbers of the gauge transformation parameters are found from the following relation 

(7V;"^ + N®"p* + l)|S) =0. 

Bra-vectors (<f>|, and ket-veetors |<F), are related by the following hermitian conju¬ 
gation rules: ($1 = (1$))^ Bra-vectors and ket-veetors of the Faddeev-Popov 

fields are related as (c| = (|c))^ (c| = —(|c))^ while, for the Faddeev-Popov ghost tensor fields, 
we use the following hermitian conjugation rules: -“s', ^ 
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